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Assessing the potential for sustainable 
expansion of small-scale solar irrigation 
in Ségou and Sikasso, Mali
Nearly 80% of Mali’s population is dependent on agriculture. 
Most of these people are smallholders who own less than 10 
hectares (ha) of land and practice subsistence farming (FAO 
2017). Due to their limited resources, smallholders are unable to 
invest in agricultural practices and technologies, such as fertilizer 
application and irrigation, that would increase their production. As 
a result, these farmers face a range of threats to their livelihoods, 
most notably water scarcity, climate variability, repeated cycles of 
floods and droughts, and poor soil fertility (Andrieu et al. 2017).  
A solar-run technology park set up to demonstrate the potential of crops in the village of N’Golonianasso, Mali (photo: Amadou Sidibé).
Project Brief 
While irrigation is limited to cotton, sugarcane and rice in 
the Office du Niger area and along the Niger River in central 
Mali, rain-fed cultivation of coarse grain cereals is widespread 
in the Niger River Basin, covering around 5.8 million ha or 
90% of Mali’s arable land (FAO 2017). However, the quantity 
of grain produced by smallholders is insufficient to meet 
their dietary requirements, resulting in food insecurity and 
malnourishment, particularly in the districts of Sikasso, Ségou, 
Mopti, Koulikoro and Kayes. 
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IWMI (2019) showed that Ségou and Sikasso have some of the 
largest areas suitable for solar-powered irrigation. Furthermore, 
more than 90% of the agricultural area in these districts is 
under rain-fed cultivation and malnutrition rates are high 
(Cooper and West 2017). Therefore, Ségou and Sikasso were 
selected to investigate water availability for small-scale solar-
powered irrigation systems (SPIS) as part of a study conducted 
under the Innovation Lab for Small-Scale Irrigation (ILSSI) 
project.
Challenges for irrigation expansion 
The ILSSI project has identified the challenges to expanding 
irrigation as finding equitable, economically viable, 
environmentally sustainable and scalable solutions. Small-scale 
farmer-led irrigation practices are cost-effective and scalable 
agricultural water management solutions that have been proven 
to improve the food security and livelihoods of smallholders in 
sub-Saharan Africa (Lefore et al. 2019). Recent initiatives have 
introduced frameworks for identifying suitable locations for SPIS 
as part of farmer-led irrigation practices (Schmitter et al. 2018; 
Lefore et al. 2021). However, while individual SPIS technologies 
might consume a small amount of water, collectively, this 
can add up to significant water withdrawals. Therefore, the 
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sustainability of agricultural expansion strategies depends on 
water resources being available for use in both wet and dry 
seasons, after accounting for all existing demands (including 
the environment). 
The study outlined in this brief combines the outputs from the 
water accounting plus (WA+) modeling and solar suitability 
mapping carried out by IWMI (2019) along with other remote 
sensing and hydrologic modeling-based datasets (Sutanudjaja 
et al. 2018; Li et al. 2019; MacDonald et al. 2021) to understand 
the availability of surface water and groundwater resources and 
the limits for sustainably expanding SPIS in Mali (Figure 1).   
What is the extent of the area suitable for 
SPIS? 
The area suitable for SPIS (based on the availability of surface 
water and shallow groundwater up to a depth of 7 meters for 
pumps with a capacity of 0.5-1 kWh) (IWMI 2019) was analyzed 
for various cercles (subdistrict-level administrative units) in 
Ségou and Sikasso (Figure 2). The Bougouni cercle in Sikasso 
has the largest area suitable for SPIS (195,500 ha). The total 
area identified as suitable for SPIS in Ségou and Sikasso is 
145,000 ha and 655,000 ha, respectively. Up to 33% of existing 
Figure 1. Schematic representation of the approach to assess the potential for expanding small-scale solar irrigation in Mali. 
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croplands in Ségou and 43% in Sikasso are suitable for SPIS. 
Existing grasslands, mixed shrublands, and barren and sparsely 
vegetated areas (up to 67% in Ségou and 56% in Sikasso) are 
also suitable for SPIS. 
How much surface water is available to 
support SPIS? 
The surface water yield, computed as the difference between 
precipitation and rainfall-based evapotranspiration (P - ETrain), 
was obtained from the WA+ framework. Figure 3 shows the 
surface water yield for different cercles in Ségou and Sikasso. 
In Ségou, Bla and San cercles have more surface water yield 
available during the wet season than other cercles (up to 800 
mm), making these areas most suitable for SPIS expansion. 
Conversely, Niono and Tominian cercles have no surface water 
yield, making these areas unsuitable for SPIS expansion. 
Meanwhile, Sikasso has relatively more surface water yield 
during the wet season than Ségou. Yanfolila and Sikasso cercles 
have the highest surface water yield (up to 500-800 mm), 
making these areas most suitable for SPIS expansion. Other 
cercles have uniform surface water yield up to 500 mm in the 
wet season. Unlike surface water availability in the wet season, 
both Ségou and Sikasso have no (negative) surface water yield 
during the dry season. 
Figure 2. Area (ha) identified as suitable for small-scale solar irrigation for cercles in Ségou and Sikasso, Mali. 
Figure 3. Surface water yield (P - ETrain) for cercles in Ségou and Sikasso, Mali, during the (a) wet (June-November) season, and  
(b) dry (December-May) season.   
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How much groundwater is available to 
support SPIS? 
Groundwater percentile maps (Li et al. 2019) were used to 
understand groundwater availability. Each cercle was classified 
into low (0-40), medium (41-60), medium-high (61-80) and 
250 mm), medium-high (251-500 mm) and high (> 501) classes 
based on annual groundwater recharge estimates. Figure 4(b) 
shows that some cercles in Ségou (Barouéli and Bla) and Sikasso 
(Yanfolila, Bougouni, Kolondieba and Kadiolo) have medium to 
medium-high annual groundwater recharge. Other cercles have 
low annual groundwater recharge.
high (81-100) classes of groundwater availability based 
on groundwater percentiles. Figure 4(a) indicates that 
all the cercles in Ségou and four cercles in Sikasso have 
medium-high groundwater availability, and three cercles in 
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Figure 4. (a) Groundwater availability, and (b) groundwater recharge summarized for cercles in Ségou and Sikasso, Mali. 
Solar-powered drip irrigation is an efficient means to irrigate crops in water-scarce areas of Africa (photo: David Brazier/IWMI).
Groundwater recharge data obtained from the PCRaster GLOBal 
Water Balance (PCR-GLOBWB) model (Sutanudjaja et al. 2018) 
and recently published groundwater recharge data based on 
field observations (MacDonald et al. 2021) were analyzed to 
understand the sustainable limits of groundwater irrigation. 
Each cercle was grouped into low (< 100 mm), medium (101-
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What area of crops can be supported by 
SPIS?
The water requirements of commonly grown vegetable crops 
in the region were used to understand the availability and 
sustainable limits of both surface water and groundwater 
irrigation. Table 1 provides a list of crops, water availability and 
water source for the areas identified as suitable for SPIS based 
on the crop growing periods and crop water requirements 
obtained from the literature.  
During the wet season, surface water yield can support 
vegetable crops with low water requirements (~300-550 mm/
season) in Ségou and Sikasso. In addition, most cercles have 
no (negative) surface water yield in the dry season. Thus, crops 
with low water requirements can be grown during the dry 
season, provided that there are check dams, ponds or other 
structures that can store wet season water surpluses (~250-300 
mm) and groundwater is available for supplemental irrigation.  
Groundwater availability data shows that Ségou has more 
groundwater than Sikasso. However, annual groundwater 
recharge rates are higher in Sikasso than in Ségou (Figure 
4). Our analysis indicates that supplemental irrigation from 
groundwater is essential to avoid crop failures. Assuming 
sustainable groundwater yield is about 50% of annual 
groundwater recharge (Altchenko and Villholth 2015), 
groundwater resources are available to provide supplemental 
irrigation in the wet season and meet most of the crop water 
requirements during the dry season for an area of about 
270,000 ha in Sikasso and about 80,000 ha in Ségou. Since this 
analysis uses coarse resolution continental-scale groundwater 
recharge data, additional studies are needed to monitor 
groundwater levels, and evaluate changes in surface water and 
groundwater availability and crop water demand, as this will 
help to fully understand the potential of groundwater irrigation. 
Table 1. List of crops that can be grown during the wet (June-November) and dry (December-May) seasons using surface 
water (SW) or groundwater (GW).
Notes: * sustainable; ** sustainable over limited area.














Tomatoes 135-180 400-800 SW* GW** SW* GW**
Onions 150-210 350-550 SW* SW/GW* SW* GW**
Okra 70-90 350-500 SW* SW/GW* SW* GW**
Eggplant 120-150 300-500 SW* SW/GW* SW* GW**
Cabbage 120-140 350-550 SW* SW/GW* SW* GW**
Carrots 100-150 450-600 SW* GW** SW* GW**
Beans 75-90 300-550 SW* SW/GW* SW* GW**
Cassava 180-360 500-700 SW* GW** GW** GW**
Sweet potatoes 150-160 350-550 SW* SW/GW* SW* GW**
Groundnut 130-140 500-700 SW* GW** SW* GW**
A farmer using a solar pump to irrigate her crops in Africa (photo: David Brazier/
IWMI).
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Summary of key findings 
The key findings for Ségou and Sikasso are summarized in Figure 5. 
Area suitable for small-scale solar-powered irrigation systems (SPIS)
The total area identified as suitable for SPIS in Ségou is 145,000 ha.
Water requirement for SPIS
Assuming an average crop water requirement of 350-550 mm/season (for major vegetable/cereal crops) 
and an irrigation efficiency of 60%, the total irrigation water required is about 600-920 mm/season.
Area feasible for SPIS




Surface water yield up to 800 mm is available during the wet season. Surface water can meet most crop 
water requirements during the wet season (for a crop with a low to medium water requirement) on 100% 
of the land identified as suitable for solar irrigation.
Groundwater availability
All the areas identified as suitable for solar irrigation have medium (41-60) to medium-high (61-80) 
percentile groundwater availability. Irrigation from groundwater sources is essential to avoid crop 
failures. In Ségou, groundwater resources can support crops covering an area of about 80,000 ha.
(b) Sikasso
Groundwater availability
Area suitable for small-scale solar-powered irrigation systems (SPIS)
The total area identified as suitable for SPIS in Sikasso is 655,000 ha.
Water requirement for SPIS
Assuming an average crop water requirement of 350-550 mm/season (for major vegetable/cereal crops) 
and an irrigation efficiency of 60%, the total irrigation water required is about 600-920 mm/season.
Area feasible for SPIS
Based on the irrigation requirement, we estimate that it would be feasible to irrigate crops with a low to 
medium water requirement.
Surface water availability
Surface water yield up to 800 mm is available during the wet season. Surface water can meet most crop 
water requirements during the wet season (for a crop with a low to medium water requirement) on ~80% 
of the land identified as suitable for solar irrigation.
All the areas identified as suitable for solar irrigation have medium (41-60) to medium-high (61-80) 
percentile groundwater availability. Irrigation from groundwater sources is essential to avoid crop 
failures. In Sikasso, groundwater resources can support crops covering an area of about 270,000 ha.
Figure 5. Summary of the key findings for (a) Ségou, and (b) Sikasso, Mali. 
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Conclusions 
In this study, outputs from the WA+ framework were combined 
with solar suitability maps and other groundwater datasets to 
understand the availability of surface water and groundwater 
resources and the limits for sustainably expanding SPIS in 
Ségou and Sikasso districts in Mali. The total area identified as 
suitable for SPIS in Ségou and Sikasso is about 145,000 ha and 
655,000 ha, respectively. Results of the study show that surface 
water yield up to 800 mm is available during the wet season in 
both Ségou and Sikasso, indicating sufficient water availability 
for irrigating crops with low water requirements. On the other 
hand, there was almost no surface water yield during the dry 
season in both these districts, suggesting insufficient water 
availability for irrigating crops in the dry season. However, 
provided that there are check dams, ponds or other structures 
that can store wet season water surpluses, surface water yield 
from the wet season can support dry season vegetable crops to 
some extent. The results indicate that supplemental irrigation 
using groundwater is essential to avoid crop failure. Considering 
the maximum groundwater recharge and sustainable yield 
estimates, groundwater resources can support the irrigation 
water demand of crops covering an area of about 80,000 ha in 
Ségou and about 270,000 ha in Sikasso. However, any large-
scale investment in SPIS in the two districts would require local 
verification of current water availability and use as well as 
guidelines on irrigation to help smallholder farmers make the 
most of every drop. 
Solar irrigation in a farmer’s field in the village of Sirakélé, Sikasso district, Mali (photo: Amadou Sidibé).
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